Simulation results are used to conclude that a ring ratio that ranges from 2.5 to 3.5 delivers the best results.
error rate (BER). Therefore, it is desirable to have low P APR to improve the BER performance.
To reduce the PAPR of OFDM, there are mainly two categories, which are signal scrambling techniques and signal distortion techniques [5] . The practical solutions of the signal scrambling techniques include block coding, Selective Level Mapping (SLM), and Partial Transmit Sequences (PTS). The signal distortion techniques include clipping, peak windowing, peak cancellation, peak power suppression, weighted multicarrier transmission, companding, etc. Previously, there have been many researches on the P APR reduction techniques [6] - [ 12] . However, the disadvantage of all these techniques is the complexity increase of the system.
Other than the P APR reduction techniques stated above, J. Gazda, O. Oupak and O. Kocur in [4] proposed to apply the M-ary APSK modulation to reduce the PAPR in the LTE uplink. They show that 16-APSK outperforms the standardized 16-QAM, which is generally used in the LTE uplink. The BER performance of the 16-APSK system improves for two reasons, the low P APR of the APSK modulation causes fewer excursions into the nonlinear region and the 16-APSK signal is more robust to the distortions caused by the amplifier nonlinearities than is 16-QAM. Also, W. Sung, S. Kang, P. Kim and D. Chang in [13] give the preliminary analysis on the PAPR of the 16-APSK modulation in the digital video broadcasting for satellites (DVB-S2). They
show that the PAPR of the 16-APSK depends on a ratio of the radius of each ring.
However, according to the authors' knowledge, the effects of the constellation ring ratio of the 16-APSK (4+ 12 APSK) modulation scheme are not yet evaluated in the L TE uplink system. Therefore, this paper will present the investigation on the constellation ring ratio of the 16-APSK modulation used in the L TE uplink system with the nonlinear distortion due to a HP A. The optimal value of the ring ratio is also proposed.
The paper is organized as follows. First, the effects of the constellation ring ratio of the 16-APSK modulation, on both the P APR and the BER, are presented in Section II. Section III shows the description of the system model adopted for the analysis and the simulation. Then, the simulation results are shown in section IV. Finally, section V provides conclusions.
II. EFFECTS OF THE APSK CONSTELLATION RING RATIO
Amplitude phase shift keying (APSK) is a digital modulation A. The Effects on PAPR Peak to Average Power Ratio (P APR) is the ratio between the maximum power and the average power of the transmitted signal. The P APR is defined as [3] (1)
where xn is the transmitted signal. Here, the 4+ 12 APSK, which delivers the best performance under the nonlinear conditions imposed by the saturation region of a power amplifier and is adopted in DVB-S2 [14] , is used in the investigation. can be defined as [13] where R] is the radius of the inner ring, R 2 is the radius of the outer ring,
and /30 = R 2 I R] is the ratio between the outer and the inner ring radius.
From eq. (1) and (2), we can plot the relationship between the ratio (R2/R 1) of the 4+ 12 APSK and the P APR as shown in Figure 2 . This shows that the P APR increases when the ratio (R2/R1) increases.
II:
R2IR1 ratio 10 MHz bandwidth [3] , [16] . The 16-APSK modulation scheme, with various constellation ring ratios, is used in place of the 16-QAM modulation that is normally used.
To determine the appropriate range of ratio (R2/R 1) for the 16-APSK modulation scheme in the nonlinear channel, the BER and PAPR performances are shown in Figure 5 , with the 180 of 1 dB and 2 dB at EblNo of 5 dB and 6 dB. These
results show that the ring ratio in the range of 2.5 to 3.5 gives the lowest BER range, but not the highest P APR values.
ISBN 978-89-968650-1-8 Therefore, the modulation techniques must be selected properly as an important consideration because it can push the system to its fullest potential. The APSK modulation works better than QAM in the nonlinear system, when comparing in both BER and PAPR. So, the APSK modulation is appropriate modulation scheme to be adopted, as studies have noted in [4] , and the ratio of R2/R I is an important factor affecting the PAPR and BER of the APSK. The PAPR increases as the ratio of R2/Rl increases. While BER changes differently to the R21R1 ratio and is shown to have one range with a low BER.
In this paper, it is shown that the optimal R2/Rl ratio of the 4+ 12 APSK is between 2.5 to 3.5. This optimal ratio range gives the best results in terms of the low BER and P APR to the nonlinear L TE uplink system. Researchers hope that this paper will help to drive the performance of the L TE system that makes the implementation widespread in the future.
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